Abstract-A high-power laser propagating through a plasma creates a low density channel through which it propagates self guided. This equilibrium, however, is unstable to Brillouin backscattering above a threshold power. A nonlocal theory of stimulated Brillouin scattering (SBS) reveals that the growth rate is significantly reduced due to a geometrical factor,* nonetheless, it remains an important process in laser-produced plasmas. It is also a limiting process in a plasma loaded free electron laser (FEL).
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I. INTRODUCTION
T HERE IS significant motivation to operate free electron laser (FEL) in a plasma medium. The plasma aids electron beam guiding via charge and current neutralization and allows beam currents higher than the vacuum limit. It may also help radiation guiding [1] , [2] via optical duct formation. Further, plasma opens up new possibilities of employing plasma eigenmodes as wigglers for the generation of short wavelengths. Joshi et al. [3] and Balakirev et al. [4] have proposed a plasma wave pumped FEL. Balakirev et al. have predicted an explosive mode of operation of FEL with the employment of slow Langmuir waves. Sharma and Tripathi [5] have proposed the scheme of a whistler-pumped FEL which offers high gain in the vicinity of cyclotron resonance. Chen and Dawson [6] - [8] have recently proposed yet another exciting concept of an ion ripple laser (IRL) which can produce short wavelengths with the modest energy electron beams.
A plasma, however, is a nonlinear medium. When FEL interaction takes place in a plasma medium and laser radiation acquires large intensity, it may bring about the onset of parametric instabilities [9] , e.g., stimulated Raman and Brillouin scattering, that may stabilize the FEL instability and increase radiation bandwidth. If one limits the plasma density to a lower level, then the Langmuir wave generated in the Raman process possesses smaller phase velocity and undergoes strong Landau damping. Hence, the process is not significant. However, Brillouin scattering could be important over a large range of plasma densities. Stimulated Brillouin scattering (SBS) [10] is considered to be an important process in laser-produced plasmas [9] also, where it severely limits the deposition of light energy. In this process, intense laser light interacts with an ion acoustic wave and is scattered backward. The scattered wave and the laser pump exert a ponderomotive force on the electrons driving the acoustic wave. The process is significantly important in long pulse experiments in which the size of underdense plasma is large (many vacuum wavelengths) and thresholds are correspondingly low.
In this paper, we examine stimulated Brillouin backscattering of laser radiation in a preformed plasma channel and follow the approach adopted by Short et al. [11] . The channel provides radial localization of the pump and decay waves. However, since the mode structure of the three interacting waves are different, the nonlinear coupling cofficient is significantly diminished. In Section II, we solve fluid equations and Maxwell's equations to derive mode-coupled equations. These equations are solved using first-order perturbation theory neglecting pump depletion effects. This results in a nonlinear dispersion relation which is solved to obtain growth rate. In Section III, we discuss the results. 
one (5) where vo = eEo/imojo and vi = eEi/imu>i are the oscillatory velocity of plasma electrons due to the pump and the sideband (backscattered) electromagnetic waves. The ponderomotive and self-consistent low-frequency forces eV((f> + 4>p) on the electrons drive a low-frequency density perturbation n e at (to, k). The electron response at (to, k) can be taken as adiabatic, following Boltzmann's law, hence electron density perturbation can be approximated as
The density perturbation for ions, ignoring the weak ponderomotive force on them, can be written as
47re Aweuj 2 where \i -~U J pi/ U)2 is the susceptibility of plasma ions and w p i is the ion plasma frequency. Using (6) and (7) 
where c s = \jT e /mi, m; is the mass of ion. For a plasma channel with density profile given above, (8) in cylindrical coordinates takes the form (9) where '7c (9) and (11) are coupled nonlinearly. When nonlinear coupling is ignored, the solutions of (9) and (11) are written as [13] Ei= (12) 
where S mi and T m2 are the constants. Substituting for <f> and Ei in (9) and (11) 
These equations give a dispersion relation in the form of a determinant of a matrix of infinite dimension. In the absence of nonlinear coupling (t? 0 -» 0), this dispersion relation gives many independent roots [cf. (12)]. However, when the nonlinear coupling term is finite, we assume the roots of the nonlinear dispersion relation are only marginally modified. Considering the mith mode of the acoustic mode in resonance interaction with the m 2 th mode of the backscattered wave, one ignores all the terms in the summations in (15a) and (15b) except mi and m 2 terms, and obtains the nonlinear dispersion relation given as 14 s" 1 , T e ~ 100 eV, n{j ~ 10 16 cm" 3 , laser power ~100 MW, laser spot size -~100 /xm, we obtain 7~10 9 s~xina Helium plasma. In plasma-filled FEL, the Brillouin instability would limit the growth of FEL instability via diverting FEL wave energy into the ion acoustic and sideband waves. However, it can be avoided by lowering the plasma density such that
